ABSTRACT. Cultured cells are generally observed through the bottom of dishes or flasks using an inverted microscope. Two-dimensional and horizontal observation is insufficient for histological analysis of several cell lines, such as embryonic stem cells or cancer cells, because they form three-dimensional colonies. In the present study, we aimed to establish a more informative method for analysis of such stereoscopic cultured cells. We cultured mouse embryonic stem cells using a temperature-sensitive culture dish, embedded these cells in paraffin, and successfully observed vertical sections of embryonic stem cells. This vertical analysis of the stereoscopic colony emphasized structural features such as the dome shape of naïve pluripotent stem cells. This method could have the potential for analysis of three-dimensional structures and histological preservation in cultured cells.
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In general, flat or two-dimensional cultured cells such as fibroblasts are observed horizontally through the bottom of culture dishes using an inverted microscope. However, two-dimensional observation is insufficient to analyze colonizing cells, such as pluripotent stem cells and cancer cells, that go through three-dimensional proliferation. In the present study, we aimed to establish a novel method for the observation of such stereoscopic cultured cells. We focused on a temperature-sensitive culture dish, UpCell (Cellseed Inc., Tokyo, Japan), for culturing vessels and mouse embryonic stem cells (ESCs) for colonizing cells. The UpCell culture dish could control the strength of cellular adhesion to the dish by managing the temperature and therefore enable the easy collection of cultured cells as sheets, while maintaining the colony structure. This temperature-dependent property of the culture dish has been used for various applications, such as regenerative medicine [6, 8] and three-dimensional culture [7, 9] . Pluripotent stem cells have two types of colony morphology, naïve and primed, with the former having dome-like colonies [5] . In previous studies, naïve embryonic stem cells have been observed through inverted microscopes [1] [2] [3] 10] ; however, there have been no reports on the observation of vertical sections of naïve pluripotent stem cells. Although previous studies reported that colonies were similar between diploid and tetraploid ESCs, detailed morphological observation was not performed for each colony. The purpose in the present study is to establish a novel method for vertical observation of cultured cells. Using the method, the structure of colonies of diploid and tetraploid ESCs were comparatively analyzed. To this end, we successfully produced and observed vertical sections of mouse embryonic stem cells by paraffin-embedding and sectioning the whole cell sheet using UpCell culture dishes (Fig. 1A) .
In the present study, mouse diploid and tetraploid ESCs we previously established [4] were used. Both mouse diploid and tetraploid ESCs were cultured with ESGRO Complete plus clonal grade medium (Merck, NJ, U.S.A.) supplemented with 20% Knockout Serum Replacement (Thermo Fisher Scientific Inc., MA, U.S.A.) on MEF (mouse embryonic fibroblast) feeder cells. The feeder cells obtained were mitomycin C-inactivated fibroblasts established from ICR mouse fetus 12.5 dpc of age. The medium was routinely changed using pre-warmed PBS and ESGRO medium kept on a hotplate at 37°C to prevent cell detachment. After culture, mouse diploid and tetraploid ESCs on feeder cells were peeled off as cell sheets by leaving the culture dishes at room temperature for 10 min. After removing the medium, 10% formalin was added for fixation. The fixed cell sheets were then embedded in paraffin and processed according to the standard method, using sliced sections of 4.0 µm thickness and staining by hematoxylin-eosin (H&E).
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We successfully observed the domed-shaped cell colonies of naïve pluripotent stem cells in both diploid and tetraploid ESCs using inverted microscopes ( Fig. 1B; left column, arrowheads) . Tetraploid ESCs adhering to the feeder cells were also observed in the paraffin embedded section stained with H&E (Fig. 1B right column arrowheads) . Previous studies reported that horizontal morphology of colonies was similar between diploid and tetraploid ESCs as assessed using inverted microscopes [2, 4, 11] , and this vertical analysis strongly supported the similarity. Here, we showed the histological utility of the new method of vertically sectioning stereoscopic cell colonies, such as mouse embryonic stem cells, for the first time. Another merit of this method is that the embedded ESCs can be histologically preserved for a long time, which allows the same samples to be analyzed by various staining methods. In the future, it can be used for basic research on adhesion factors such as those in the extracellular matrix of ESCs.
In summary, we successfully analyzed, for the first time, vertical sections of stereoscopic cell colonies in mouse embryonic stem cells using temperature-sensitive cell culture dishes. Our novel method could be useful for the three-dimensional analysis of pluripotent stem cells or cancer cells. Furthermore, multiple analyses including immunostaining could be performed using the same sample, by histological preservation of cultured cells as embedded sections. 
